Ligularia stenocephala MATSUM. et KOIDZ. (Compositae) has long been used as a Chinese folk medicine in the treatment of edema and scrofula.
1
Hdetected heteronuclear multiple-bond coherence (HMBC) and nuclear Overhauser effect correlation spectroscopy (NOESY) data led to the half-unit of the molecule (Fig. 1) . Based on the molecular formula, C-10 must form a cyclobutane ring with C-10Ј or C-12Ј. The coupling pattern and the constants for the methylene protons [d 1.94 (2H, AAЈXXЈ type, H-12a, H-12Јb), 2.78 (2H, AAЈXXЈ type, H-12b, H12Јa); Coupling constants, J AX ϭ11.3 Hz, J AXЈ ϭ9.5 Hz, J AAЈ ϭ9.0 Hz, J XXЈ ϭ3. 8 Hz] suggested a head-to-head dimeric structure. 9, 10) Thus the gross structure of ligulacephalin A was determined to be as shown in 1. The relative stereochemistry was determined as follows. In the long-range 1 H-1 H shift correlation spectroscopy ( 1 H-1 H COSY) spectrum, a Wtype coupling was observed between H 3 -11Ј and H-12Јa, indicating their anticoplanar orientation (Fig. 2 ). The NOESY cross peaks observed between H 3 -11Ј and H-3, H 3 -11Ј and H-12Јb, and H 3 -11Ј and H-12b implied a trans relationship of two 5,6-dimethoxybenzofuran rings at C-10 and C-10Ј. Therefore, the structure of 1 was concluded to be as shown in Fig. 2 . Despite the presence of two asymmetric carbons at C-10 and C-10Ј, the specific rotation of 1 was almost zero, suggesting its racemic nature. This was proved by chiral HPLC, in which 1 was separated into two peaks in a ratio of 1 :
Ϫ151.2°(MeOH)], both of which gave 1 H-NMR spectra identical to those of the starting material. The circular dichroism (CD) spectra of (ϩ)-1 and (Ϫ)-1 exhibited mirror images (Fig. 3) , confirming their enantiomeric relationship. The absolute configuration of (ϩ)-1 was elucidated by the CD exciton chirality method.
11) The sign of the first Cotton effect was positive [l max 263.2 nm (De ϩ32.9)], while that of the second one [l max 246.5 nm (De Ϫ29.8)] was negative (Fig. 3) , indicating that the chirality between two 5,6-dimethoxybenzofuran rings at C-10 and C-10Ј should be clockwise. Thus the absolute configurations at C-10 and C-10Ј of (ϩ)-1 were assigned as S and S, respectively (Fig. 3) . Therefore, the absolute configurations at C-10 and C-10Ј of (Ϫ)-1 were assigned as R and R, respectively. Accordingly, compounds (ϩ)-1 and (Ϫ)-1 were concluded to be (S,S)-(ϩ)-and (R,R)-(Ϫ)-ligulacephalin A, respectively. Ligulacephalin B (2) had the molecular formula C 26 H 28 O 7 on the basis of HR-EI-MS, indicating thirteen degrees of unsaturation. Since 13 of 26 carbons and 14 of 28 hydrogens were observed and remaining 13 carbons and 14 hydrogens were not detected, it was suggested that 2 possessed a symmetrical structure. Compound 2 showed a very similar signal pattern to that of 1 in the 13 C-NMR spectrum. However, the quaternary carbon signal (d 46.8) assignable to C-10 (C-10Ј) of 1 was shifted down to d 83.6 in 2, suggesting that the cyclobutane ring of 1 was replaced by a tetrahydrofuran ring. This was also supported by the molecular formula and the unsaturation degree. The relative stereochemistry of 2 was determined as follows. In the long-range 1 H-1 H COSY spectrum, a W-type coupling was observed between H 3 -11Ј and H-12Јa (Fig. 2 ). The NOESY cross peaks observed between H 3 -11Ј and H-3, H 3 -11Ј and H-12Јb, and H 3 -11Ј and H-12b implied a trans relationship of the two 5,6-dimethoxybenzofuran rings at C-10 and C-10Ј. Thus the structure of ligulacephalin B was concluded to be as shown in Fig. 2 . As the specific rotation of 2 showed almost zero, 2 is presumably a racemate at the chiral centres C-10 and C-10Ј. This was proved by chiral HPLC, in which 2 was separated into two peaks in a ratio of 1 :
The CD spectra of (ϩ)-2 and (Ϫ)-2 exhibited mirror images (Fig. 4) . In the CD spectrum of (ϩ)-2, the sign of the first Cotton effect was positive [l max 258.1 nm (De ϩ10.6)], while that of the second one [l max 242.9 nm (De Ϫ1.4)] was negative (Fig.  4) , indicating that the absolute configurations at C-10 and C-10Ј of (ϩ)-2 were assigned as R and R, respectively (Fig. 4) . Therefore, the absolute configurations at C-10 and C-10Ј of (Ϫ)-2 were assigned as S and S, respectively. Accordingly, compounds (ϩ)-2 and (Ϫ)-2 were concluded to be (R,R)-(ϩ)-and (S,S)-(Ϫ)-ligulacephalin B, respectively. Ligulacephalin C (3) was assigned the molecular formula C 26 H 26 O 6 using HR-EI-MS. The UV spectrum showed absorptions characteristic of a benzofuran ring.
8) The 1 H-and two methylenes, four methoxyl groups, one exomethylene, one quaternary carbon and two benzofuran rings. By 1 H-1 H COSY, HMBC and NOESY spectra, the structure of ligulacephalin C was deduced to be as shown in Fig. 5 . Despite the presence of an asymmetric carbon at C-10, the specific rotation of 3 was almost zero, suggesting its racemic nature. This was proved by chiral HPLC, in which 3 was separated into two peaks in a ratio of 1 :
The CD spectra of (ϩ)-3 and (Ϫ)-3 exhibited mirror images (Fig. 6) , confirming their enantiomeric relationship. The absolute configuration at C-10 of (ϩ)-3 was established on the basis of NOESY and CD spectroscopic evidence (Fig. 6 ). The NOESY cross peak observed between H 3 -11 methyl group and H-4Ј implied a pseudo-equatorial orientation of the methyl group at C-10 and a pseudo-axial orientation of the 5,6-dimethoxybenzofuran ring at C-10. Further, (ϩ)-3 gave a positive Cotton effect at 320.5 nm (De ϩ2.4) and a negative Cotton effect at 294.8 nm (De Ϫ5.3), indicating that the absolute configuration of C-10 should be S. Thus the absolute configuration at C-10 of (Ϫ)-3 was assigned as R. Accordingly, compounds (ϩ)-3 and (Ϫ)-3 were concluded to be (S)-(ϩ)-and (R)-(Ϫ)-ligulacephalin C, respectively.
A possible formation of 1-3 is proposed in Fig. 7 . Compounds 1-3 are presumably formed from 5,6-dimethoxy-2-isopropenylbenzofuran (4), the major benzofuran derivative of the roots of L. stenocephala. Compounds 1-3 occurred as a racemate, suggesting that they are artifacts or that they are formed in the plant cells without the participation of enzymes.
Experimental
General Procedures Optical rotations were determined using a JASCO DIP-360 digital polarimeter. CD spectra were measured on a JASCO J-720 spectropolarimeter. UV spectra were recorded with a Beckman DU-64 spectrophotometer. 
